INTRODUCTION
Environmental tobacco smoke is a severe health problem, not only for the whole pediatric population but also for the fetus in utero (Sekhon et aI., 2001 ; Sandberg et aI., 2004) . There is compelling evidence that maternal smoking is associated with premature birth, low birth weight and increased fetal and neonatal morbidity and mortality (Cliver et al., 1995) . Epidemiological studies have shown that environmental tobacco smoke is associated with a significantly increased incidence of wheezing, bronchitis, lower respiratory illness and increased number of hospital admissions during infancy and childhood (Lam et aI., 2001 ). These studies further suggest that there is a stronger correlation between prenatal, rather than postnatal, exposure and lower respiratory illness in the offspring of smoking mothers. Altered mechanical properties of the lungs have also been found in these infants and children inclUding signs of airway obstruction with reduced forced expiratory flow rates (Brown et al., 1995; Jones et al.,2000) .
The relationship between prenatal nicotine exposure and altered lung development and function has been studied in several animal models (Sekhon et aI., 2001 ; Elliot et aI., 2001 ., Sekhon et al., 2002) . These studies have shown lung hypoplasia and changes in the airways resulting in increased pulmonary resistance as well as damage of alveolar structure resulting in a condition that resembled panlobular emphysema as the animals aged. In addition, studies of Maritz (2002) revealed that the alveolar structure changes of the lungs of rat pups, induced by maternal nicotine exposure, were irreversible and even became progressively worse after nicotine withdrawal. It was recently illustrated that Kfotho gene expression was essential to maintain pulmonary integrity during postnatal life and its destruction during early lung development might give rise to lung lesions, similar to emphysema, as the lung aged (Suga et aI., 2000). Therefore, Maritz (2002) ascribed the permanent lung changes of the rat pups as result of maternal nicotine exposure to the induction of changes at gene leveL The aim of this work was to investigate the effect of nicotine exposure to the mothers during gestation and lactation on the histological structures of the lungs of the albino rat offspring and the possible reversibility of this effect after weaning.
MATERIALS AND METHODS
Ten virgin (Sprague-Dawley) adult female albino rats were used in this study. The animals were kept in plastic cages in an air-conditioned animal house (temperature 22 ± 2C) with optimal illumination cycle and free access to drinking water and a pellet diet. The animals were mated overnight and were afterwards divided into two groups as follows:
"Group I (control group; n = 5): the mothers of this group received subcutaneous injection of normal saline.
"Group II (group of nicotine-treated mothers; n=5): the mothers of this group received a daily dose of subcutaneous injection of nicotine (1mg /kg body weight) up to weaning on postnatal day 21.
The daily dose of 1mg nicotine/kg body weight used in this study lies within the range of nicotine levels obtained by the habitual smokers, smoking more than 10 and less than 20 cigarettes/day (Hafstrom et al., 2002; Sandberg et al., 2004) . Because nicotine readily crosses the placenta and passes into the milk of the mothers (Maritz and Windvogel, 2003) , the fetal and neonatal rats would be expected to receive nicotine via placenta and mother's milk up to weaning on postnatal day 21.
Five rat pups of each group were killed by overdose of ether, at postnatal ages of 1, 3 and 7 weeks. The lungs were removed en bfoc and the total body weight as well as the lung weights of each animal were calculated. The mean body weight and the mean lung weight of the animals of each group, at the same interval, were measured and the percentage of the mean lung weight to the mean body weight was determined as follows: % = Mean lung weight (gm)/ mean body weight (gm) X 100. This percentage represented the relative lung weight. The results were subjected to statistical analysis.
A-Light microscopical study
Lung specimens were fixed in 10% formol saline and processed for paraffin blocks. Sections of 31.1m in thickness were cut and stained with hematoxylin and eosin, modified Taenzer-Unna orcein (Drury and Wallington, 1980) and Masson's trichrome (Masson, 1924) for light microscopical study.
s-Histomorphometric quantification
Using the image-analyzer computer assisted by the software Leica Qwin 500 and its binary image with a standard measuring frame of 119616.7 IJm2, the following parameters were estimated:
1. Alveolar count/mrn" = (number of alveoli in the field -;. total area of the field in IJm
2. The percentage of elastic fibers in the field > (Area of elastic fibers -ttotal area of the field) x 100.
3. The percentage of collagen fibers in the field = (Area of collagen fibers -i-total area of the field) x 100.
4. The cellularity of alveolar septa using the method of Maritz and van Wyk (1997): The length of the septum visualized in the center of the microscopic field was measured and the total number of nuclei, taken as representative of cells lying within the septum, was counted. The cellularity of the septum was measured as the number of cells/mm of septum> (total number of nuclei -;. length of septum in um ) x 1000.
These data were measured in 10 randomly selected nonoverlapping fields from each section and the mean values were obtained. The results were subjected to statistical analysis and represented in tables (Tables 1,2 
c-Statistical analysis
Comparison of significance between group I (control group) and group II was done using Student's "t" test. Data were expressed as mean ± SE.
,
RESULTS
There were no significant differences in the mean body weight and the relative lung weight between the control group and group " at any time interval.
A-Statistical results of the histomorphometric study * The measurements of both of the number of alveoli in the respiratory unit (mm2) ( Table 1 ; Fig. 1 ) and the percentage of elastic tissue content of the lung parenchyma (Table 2 ; Fig. 2 ) of the rat pups of nicotine exposed mothers (group II) demonstrated statistically significant reduction, compared with the age-matched control, from the first week of their age. The drop in the values of the measurements of these parameters, compared with the control, continued until the postnatal age of 7 weeks (4 weeks after removal of nicotine). The reduction at the postnatal ages of 3weeks and 7 weeks was highly significant compared with the age-matched control.
* Measurement of the percentage of collagen fibers in the lung parenchyma of rat pups of nicotine-exposed mothers (Table 3 ; Fig. 3 ) showed statistically significant and highly significant increase of their values at the postnatal ages of 3 and 7 weeks, respectively, compared with the age-matched control. * Septal cellularity of lung tissue (Table 4 ; Fig. 4 ) of the rat pups of mothers treated with nicotine (group II) showed statistically significant increase. compared with the age-matched control, at the postnatal ages of one week and 3 weeks. However. at the postnatal age of 7weeks, the septal cellularity of groups /I did not show significant changes, compared with the agematched control. 
Control group (group I)
The histological study of specimens of the control group showed several long passages, alveolar ducts, which opened along their length into numerous alveolar sacs and alveoli with normal thickness of alveolar septa ( Fig.5-a) . The alveolar walls were lined with many Type I pneumocytes with flattened nuclei and few large Type II pneumocytes with rounded nuclei (Fig.5-b) and vesicular cytoplasm. The inter-alveolar septa showed minimal amount of collagen fibers (Fig.6-a) and considerable amount of intact elastic fibers (Fig.6-b) .
Group 1\ (group of nicotine-exposed mothers)
At the postnatal age of one week, the lung specimens from the newly born animals of this group showed aggregation of considerable number of mast cells in the pleura; some of these cells were completely or partially degranulated (Fig.? ). The alveolar tissues showed congestion and extravasation of red blood cells (RBCs) into the alveolar lumens with many hemosedrin-containing macrophages (Fig. 8) . There was marked inflammatory cell infiltration of the lung parenchyma including numerous eosinophils, neutrophils and macrophages (Fig. 9) . The alveolar walls showed sites of damaged Type I pneumocytes and increased number of the Type 1/ pneumocytes; some of them were dividing (Fig. 10) .
At the age of three weeks, the lung specimens of rat pups showed areas of cellular infiltration and cellular exudate with collapsed alveoli and thickened septa (Figs. 11-a,b) while other areas showed expanded alveoli with ruptured septa (Fig. 11-a) . The alveolar lumens were infiltrated with large number of foamy macrophages (Fig. 12 ). Proliferation and migration of Type II pneumocytes and deposition of fibroblasts in the inter-alveolar septa were also detected (Figs. 13-a,b) . There was considerable reduction of the elastic fibers (Fig. 14) as well as increased fibrous tissue deposition (Figs.11-b) in the lung parenchyma compared with the control.
At the age of seven weeks (4 weeks after weaning) the lung specimens of the animals of this group showed areas of massive alveolar collapse with loss of normal lung architecture (Fig. 15) . Other areas showed marked expansion of the alveoli with ruptured septa leading to alveolar coalescence (microscopical emphysema) (Fig. 16 ). Considerable increase in fibrous tissue formation with marked reduction in the elastic tissue content of the lung parenchyma, compared with those of the control, could be clearly seen (Figs. 17-a,b) . Fig. (15) : A photomicrograph of a cross section of a lung specimen cross section of a lung specimen of a from a rat pup of nicotine-exposed rat pup of a nicotine-exposed mother mother (group I!), 3 The present study demonstrated aggregation of large number of mast cells in the lung pleura of the prenatally nicotine-exposed rat pups as early as the first week of their life with degranulation of some of these cells. This was accompanied with massive infiltration of the lung parenchyma with large number of inflammatory cells. It is well known that mast cells form and store histamine in their granules, which is related to allergy and antigen antibody reaction (Williams et aI., 1995) . This leads to suggestion that the maternal nicotine was irritant to the lung tissue of the rat pups resulting in activation of the mast cells, which in turn initiated the inflammatory reaction and its sequences. This suggestion is supported by the findings of Jensen et al. (1998) Who revealed that the total leucocytic count as well as, neutrophil and eosinophil blood counts were all higher in smokers than non smokers and they showed a dose dependent.
In the present work, maternal nicotine exposure interfered with the morphometric and morphologic characteristics of the alveolar septa of the offspring leading to its thickening and an increase in its cellularity with considerable proliferation and aggregation of Type II pneumocytes and degeneration of Type I pneumocytes. Similar findings were reported by Maritz and Thomas (1994) and Sekhon et al. (1999) . Moreover, Maritz and van Wyk (1997) attributed the decrease in the ratio of Type I to Type II pneumocytes and the increase in the septal cellularity to Type II cell proliferation and differentiation in response to Type I cell damage induced by maternal nicotine exposure. This is compatible with the present histological and histomorphometric results, which revealed that lungs of rat pups, of nicotineexposed mothers, showed proliferation and aggregation of large number of type II pneumocytes with more increase in the septal cellularity, compared with the age matched control, up to the postnatal age of 3 weeks (end of period of nicotine exposure).
The current histological and histomorphometric studies showed that maternal nicotine exposure caused progressive and statistically significant reduction of the elastic tissue content of the lung of rat pups, compared with the control, up to the postnatal age of 7 weeks. Identical observations were reported by Maritz and Woo/word (1992) and Maritz and van Wyk (1997). Furthermore, the statement of Dolley (1995) that most of the elastic tissue of neonatal lung was deposited before birth and that the maternal nicotine prenatally interfered with the process of e/astogenesis in the lung of rat pups, matches perfectly the present findings that revealed early significant reduction of the lung elastic tissue content of the neonates of nicotine-exposed mothers, as compared with the age matched control. It is postulated that progressive destruction of the elastic tissue of alveolar walls of prenatally nicotine-exposed pups is caused by endoqenously released enzymes that may degrade reticulin, elastin and ground substance of lung parenchyma (Maritz, 2002) . In agreement, Reilly and Chapman, (1988) showed that in smokers' lungs, there were increased levels of neutrophil elastase activity as well as accumulation of macrophages in the lung parenchyma, which had the potential to participate in connective tissue turnover and lung destruction. Moreover, Sukura et al. (1995) and Yuasa and Kanazawa (1995) postulated that in lung diseases, elastase activity was correlated with neutrophils and foamy alveolar macrophages, which might be, in part, derived from these cells. In the current experiment, the association of progressive elastic tissue destruction with marked neutrophil and eosinophil infiltration of the lung parenchyma and the aggregation of foamy macrophages in alveolar lumens of prenatally nicotine-exposed rat pups are fully consistent with the above-mentioned postulations.
The current histomorphometric study revealed that the alveolar count of the rat pups of nicotine-exposed mothers showed marked reduction, which was statistically significant as compared with the age-matched control, during the whole period of the experiment (up to 4 weeks after weaning). Equivalent observation was reported by Maritz and Windvogel (2003) who attributed that reduction to the role of maternal nicotine on suppression of the process of alveolarisation and retardation of secondary septa formation. This explanation is supported by a previous study of Vidic et at. (1989) who revealed that chronic exposure of rats to whole cigarette smoke during pregnancy induced a slower pace of septal growth and thus of alveolarisation in the lungs of the offspring. The histological findings of the present work that showed destruction of the alveolar septa resulting in the fusion of adjacent alveoli with formation of abnormally large ones (microscopical emphysema) give another explanation for the reduction of the alveolar count in the rat pups of nicotine-exposed mothers and are supported by similar findings deduced from other studies (Maritz and van Wyk, 1997; Maritz and Windvogel, 2003). Moreover, Maritz and Woolword (1992) and Maritz and van Wyk (1997) added that since the elastic tissue is a part of lung connective tissue structure involved in the formation of alveoli. therefore the low alveolar count at the onset of the period of rapid alveolarisation was due to the adverse effect of maternal nicotine exposure on elastogenesis in neonatal lung.
Maritz (2002)
explained two mechanisms for the development of emphysema; one was the coalescence of the alveoli as result of ruptured septa and the second mechanism was alveolar dilatation with retraction of the alveolar septa that became progressively shorter until completely effaced. The histological findings of the present work are in favor of the former mechanism for the development the emphysematous changes in the lungs of rat pups of nicotine-exposed mothers and are supported by identical observations represented by Maritz. and Dennis (1998) and Maritz and Windvogel (2003).
The current histological and histomorphometric studies showed that despite the fact that the animals were not exposed to nicotine after weaning, there was progressive reduction of both of the alveolar number and the elastic fibers content, leading to emphysematous changes, as well as an increase in the fibrous tissue formation in the lung parenchyma of these animals, as compared with the age-matched control. This can lead to the suggestion that the maternal nicotine-exposure resulted in permanent structural damage of the offspring's lungs. Such suggestion is in full agreement with the conclusions deduced from the previous studies In addition, other studies showed that smoking of nicotine caused a marked reduction of ascorbic acid of adult lung, thereby, rendering the lung more vulnerable to the effect of oxidants (Maritz, 1993) . In the present work, the infiltration of large number polymorphonuclear leucocytes in the lung parenchyma of rat pups of nicotine-exposed mothers with damage of the alveolar septa and type I pneumocytes matches the observations represented by Maritz and Thomas (1994). Those authors revealed that these lung changes, induced by maternal nicotine exposure, corresponded well with the changes induced by oxidants. Furthermore, limitation of the deleterious effects of maternal nicotine-exposure on offspring's lung structures as result of maternal treatment with antioxidant oils isolated from garlic and onion (Helen et aI., 1999) or with ascorbic acid (Maritz and van Wyk, 1997), adds further evidence in support of the hypothesis that nicotine may induce its damaging effects via generation of oxidants. However, the prophylactic role of antioxidants needs further study.
From the above data, it can be concluded that maternal nicotine exposure during gestation and lactation has deleterious effects on the lung histological structures of the rat offspring. Although no direct evidence is available, the persistence and the progression of the rung changes after nicotine withdrawal imply that these changes could be induced at gene level. Whether maternal antioxidants administration has a prophylactic role against these nicotine-induced damaging effects needs further studies.
SUMMARY
The aim of this work was to investigate the effect of maternal nicotine exposure, during gestation and lactation, on the lung structure of the albino rat offspring, and its reversibility after nicotine withdrawal. Ten adult female albino rats were used in this study and after mating, they were divided into two groups; group I (control group) received daily a subcutaneous injection of normal saline and group II received daily a subcutaneous injection of nicotine (1mg (kg body weight). The above-mentioned treatment was continued up to weaning on postnatal day 21. Five rat pups of each group were killed at postnatal ages of 1, 3 and 7 weeks. The Body weight and the lung weights of each killed animal were calculated, and then the lung specimens were processed for histomorphometric and histological studies.
The histomorphometric study revealed that the percentage of elastic tissue and the number of the alveoli/ mm2 of the lung parenchyma of the rat pups of nicotine-exposed mothers showed a statistically highly significant reduction, compared with the control, as the animals aged. The percentage of collagen fibers in the lung parenchyma of this group of animals showed progressive and statistically significant increase compared with the control.
The histological study showed that maternal nicotine exposure resulted in marked affection of the lung parenchyma of the rat pups including massive cellular infiltration, thickening of the alveolar septa with increase of their cellularity, proliferation and migration of Type II pneumocytes, damage of the elastic tissue and increased fibroblast deposition. Alveolar collapse with loss of normal lung architecture as well as rupture septa and coalescence of alveoli giving picture of microscopical emphysema were also noticed. These changes were irreversible as they maintained and progressed even after withdrawal of nicotine following weaning.
In conclusion, maternal nicotine exposure during gestation and lactation has permanent deleterious effects on the lung histological structures of the rat offspring and the progression of these changes after nicotine withdrawal implies that these changes could be induced at gene level.
